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A B S TR A C T  
Lake Count y lies in the northeastern corner of Illi­
nois . Three -quarters of the land surface of the count y con­
sists of gentl y rolling morainic uplands un derlain b y  1 00 to 
200  feet of glacial deposits , mostl y silt y cla ytill . The re­
main der of the count y is underlain by beach deposits of san d 
an d gravel along Lake Michigan, san d and gravel of glacial 
origin along the Des Plaines River, hills containing san d  
and gravel (kames) along the western e dge of the count y, 
an d deposits of peat an d muck in depre s sions in all regions 
of the count y. 
Natural resources of the c ount y include sand an d 
gravel, peat, an d gro un d  water . San d and gravel is the 
major mineral re source . Gravel operati ons have been con­
ducte d along the Des Plaine s River for man y years , an d 
large a dditional supplies o f  san d and gravel are probabl y 
present in the western part o f  the count y. Lake is the 
secon d large st peat -pro ducing count y in Illinoi s .  Groun d 
water is with drawn from near-surface glacial sand an d 
gravel and from four be drock units : the Silurian dolomite ,  
the Glenwoo d-St .  Peter San dstone , the Ironton-Galesville 
San dstone , an d the Mt . Simon San dstone . Groun d water 
at pre sent provi des  the water supplies o f  all of the count y 
except for the shoreline communitie s ,  which obtain their 
water from Lake Michigan . Additional groun d water can 
be obtaine d b y  further development of the sand an d gravel 
and Silurian dolomite aqui fers . 
Suitable site s for soli d-waste disposal ma y be foun d 
in the wi desprea d morainic uplands o f  the count y, where 
the relativel y  fine -graine d surficial materials naturall y re­
strict the movement of pollutants .  The areas of the count y 
that are un derlain b y  permeable sand an d gravel are not 
suitable for soli d-waste disposal unless special techniques 
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are use d to prevent the uncontrolle d migration o f  leachate 
from disposal sites . Disposing o f  li qui d wastes through 
septic tank fiel ds poses some pollution ha zard to sur face 
or groun d waters in some places in the count y. 
Construction problem s in Lake Count y are generall y 
as sociate d with saturate d fine -graine d materials . Poor 
natural drainage occurs in man y area s ,  an d other engi ­
neering properties o f  the earth materials  ma y be below op­
timum stan dar ds . These limitations can generall y be over­
come b y  application o f  appropriate construction techni ques .  
In the man y swamp y area s ,  saturate d organic soils make 
poor foun dation con ditions .  A serious geologic ha zard in 
Lake County occurs along the lake shore , where steep 
cli ffs , being undercut by wave s ,  form unstable slope s an d 
where san d shoreline s are rapidly ero ding and constantl y 
shi fting . 
I NTR O D U C TI O N  
Lake Count y, in the northea stern corner o f  Illinois ( fig .  1 ) ,  is  one o f  
the more scenic areas in the state . Woo de d, rolling topography an d numerous 
lakes contribute to the plea sant ph ysical environment . Another attractive nat­
ural feature is the Lake Michigan shoreline along the ea ste rn e dge o f  the count y. 
According to the 1 970 census , the population o f  Lake Count y is  3 8 2 ,  638 . 
The Waukegan -North Chicago area , on the lake shore , with more than 1 00,0 00 
re si dents , is the major population center . This area is also the in dustrial 
center o f  the count y, where numerous manu facturing in dustrie s pro duce phar­
maceutical and ho spital supplie s ,  marine e quipment , asbe sto s buil ding and in­
dustrial pro ducts ,  steel,  glass , and electrical power . 
Lake Count y i s  part o f  the Chicago metropolitan area , inasmuch a s  the 
southern boundary o f  the count y is onl y 20 miles from downtown Chicago . Man y 
re sidential communitie s have been establi she d within the count y borders , taking 
a dvantage not onl y o f  the proximit y to Chicago but o f  the pleasant natural setting . 
The most populous re sidential towns are in the southern hal f  o f  the count y, 
clo sest to Chicago , and inclu de Deerfiel d, Highlan d Park , Lake Fore st, Libert y­
ville , an d Mun delein . 
Waukegan, the count y seat , is locate d approximately hal fwa y  between 
Chicago and Milwaukee . Because of its location , Lake Count y is influence d by 
the growth o f  both of the se urban centers . Very probabl y the ea stern hal f o f  
the count y will be part o f  a megalopolis that ma y stretch along the shore o f  
Lake Michigan through In diana , Illinois , and Wisconsin . 
The Lake Count y Regional Planning Commi ssion i s  aware o f  the economic 
and natural a s sets o f  its count y, for in its 1969 Annual Report it states its goals 
as follows :  
T 46 N 
T 
44 N 
T 43 N 
••• 
G E O L O G Y  F O R  PLAN N I N G  I . N  LAKE C O U N T Y 
fl 
(1)  to protect and enhance the beaut y of the county 
(2) to acce pt the re s ponsibilit y of accommodating the 
count y's share of growth of the large metro politan 
area of which it is an integral part 
(3) to maintai n the diversit y of its pre sent sound , 
health y econom y, and 
(4) to protect and utilize its frontage on Lake Michi­
gan for the mut ual benefit of all its citizens . 
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Fig. 1 - Communities, main highways, and state parks in Lake County, Illinois. 
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In its attempt to achieve these goals in the formulation of a regional 
plan for the county , the Commi ssion used information on the physical and 
environmental characteristic s of the county as a basis for planning . Such in ­
formation on the soil s ,  rock materials ,  ground water,  and surface waters con­
tribute s to an awarene ss of the natural a ssets of the county and to an under­
standing of environmental limitations an d problem s .  Presumably development 
based on such an awarenes s  enhances  and protects t he physical environ­
ment rather than causes its deterioration . 
PURPOSE AND SCOPE 
In 1 96 9  the Planning Commi ssion requested from the Illinois State Geo ­
logical Survey ba sic and interpretive geologic information relevant to planning . 
This report summarize s the information that was provided to the Planning Com ­
mis sion in 1 970 . 
For several years the Illinois State Geological Survey ha s been en ­
gaged in studie s of the type reported here . Publi shed studie s include de ­
s a.riptions of the Hennepin region (Mc coma s ,  1 968) , McHenry County (Hackett 
and Mccoma s ,  1 96 8) , De Kalb County (Gross , 1 970) , Naperville (Hackett , 
1 96 8) , Cre scent Cit y (Bergstrom , 1 970 L and St . Clair County ( Jacobs,  1 97 1 ) . 
Geologic studie s  conducted for the Lake County project were directed 
at the following subjects : 
(1 )  Ba sic geology, including both the relation between 
surficial geologic units and soil units and the sub­
surface stratigraphy of unconsolidated deposits 
(2) Ground-water geology, including the occurrence 
and character of glacial drift and bedrock aquifers 
and their relation to conditions for disposal of 
waste 
(3) Mineral re source s ,  including the occurrence and 
character of sand and gravel, borrow materials,  
clay deposit s ,  and peat deposits 
(4) Engineering geology,  including the hydrogeologic 
characteristic s of earth material s as they relate 
to construction activitie s .  
The finding s of the geologic studies  were used in the preparation of a 
basic surficial materials map , interpretative map s ,  and information on re source s 
and earth conditions .  
The basic geologic map of the surficial materials wa s pre sented to the 
Planning Commi ssion at a scale of 1 :2 4 , 000  (2 000  feet to the inch) but is 
simplified and presented here (pl . 1) at a scale of 1 :62 ,  500 (about 1 mile to 
the inch) . 
Map s showing the ground-water conditions of Lake County (pl . 2) were 
also provided for the Planning Commi ssion, at a scale of 1 :1 2 5 , 000 (about 2 
miles to the inch) . Cross  sections of the surficial and subsurface geologic 
units were presented (pl . 2) to illustrate the sequence of geologic units . 
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As shown in table 1 ,  de scriptions of mineral deposits (basically con­
struction. materials) and of the engineering propertie s of mapped surficial geologic 
units , along with an indication of the favorability and limitations of the deposits 
and mapped units ,  were also pre sented . This information is  summarized in this 
report in a map of sand and gravel resource s (pl . 3) and a map of general con­
struction conditi ons (pl . 4) . 
MAP ACCURACY 
Boundaries on the surficial materials map (pl . 1) were interpreted in 
large part from the recently p ublished Soil Conservation Service maps of Lake 
County (Paschke and Alexander, 1 970) .• According to John Pa schke (personal 
communication) , most of the se boundaries are accurate to within :so feet 
and the mapped materials ,occupy at lea st 90 percent of a mapped tract . The 
State Geological Survey modified some of the soil boundaries on the ba sis of 
additional data and mapping . 
The maps of drift aquifers (pl . 2 ,  C and D) outline areas in whi ch satura­
ted sand and gravel capable of yielding water to wells ha s been found at the 
top of the glacial drift or buried within it . They do not neces sarily delineate 
separate sand and gravel aquifers . The map of the shallow dolomite aquifer 
(pl . 2 ,  E) is modified from Hughe s ,  Kraatz , and Landon (1 966) . 
Both the maps and text pre sented here were prepared to aid in regional 
planning and are therefore generalized . The map s are not intended to be used 
to evaluate individual sites . Site evaluations usually require separate in­
ve stigations ,  commonly including test drilling . 
METHODS 
A color-code system developed by Quay (1 96 6) and later used by Hackett 
and Mc coma s (1 96 9) was found helpful in portraying for planners the suitability 
of geologic conditions for various purpo ses . The system utilize s red , yellow, 
and green (red for lea st favorable , green for most favorable) to characterize 
the suit ability of a tract of land or a geologic unit for a particular resource 
or land use . The color code is used on the maps showing ground-water con­
ditions (pl . 2 ), sand and gravel resources (pl . 3 ) , and construction conditions 
(pl . 4) . The assignment of color ratings is  somewhat arbitrary but serves to 
flag area s where resources are present (or absent) and where geologic and 
hydrologic conditions may cause some trouble if ignored . On plate 4 ,  which 
illustrates engineering pro pertie s  of earth materials and the sui tability of the 
materials for general construction, the color red doe s not mean that conditions 
are prohibitive for construction; however, the red does indicate that the earth 
materials pre sent some problem s that should be considered in planning construc­
tion . The bluff and beach along Lake Michigan and areas of thick peat pre-
sent the most severe conditions that must be dealt with in construction in 
Lake County . 












SYSTEM Cl co U N IT N A ME UNIFIED 
and < "' (Formation, Memb er, and S O IL CLASS!-E-< ::> 





Seasonal flooding; high water ta,ble; high natural water con-
Cahokia Alluvium Stream deposits: Mostly fine sand and silt; small tent; soft to very soft; good to poor penneability; medium "' .. poorly sorted silt localized deposits of sand and SP-SM frost susceptibility; high compressibility; high erosion z a "' � c and sand gravel factor; common excavation; gently sloping to moderately 0 sloping. 0 ,.., 
� 0 :i:: Seasonal hooding; high water table; high natural water con-.., "'II Grayslake Peat c �I!' Surficial peat and No sand and gravel; extensive tent; soft to very soft; poor permeability; very high frost " o� muck peat deposits PT susceptibility; high compressibility; common excavation; 
� Oo �� g depressional to nearJy level. Ol c z :i .. 
Lake Michigan Low water table inland from lake; low water content; med-0 g 0 Formation Medium-to coarse- ium to hard; insensiUve; good permeability; low frost 
� 0: Clean sand with a little fine "' 0 Ravinia Member grained sand and gravel (good fill material} GW-SW susceptibility; low compressibility; high erosion factor; .. z a sandy gravel sands susceptible to wind erosion; common excavation; "' 8 () Ir nearly level to gently sloping; steep slopes locally. 
� ;;; co Equality Formation High water table; medium to high natural water content; Ol ,..:i Carmi Member Lacustrine clay No sand and gravel MH-CH soft to medium; poor permeability; high to very high frost "" susceptibility; high compressibility; high erosion factor; I � � ec common excavation; nearly level to depressional. "' 
iii a ,.., Low water table inland from lake; medium to hard; insensi-"' � Equality Forinatlon 
� Dolton Member Medium-grained Clean sand with a little fine tive; _good permeability; low to medium frost susceptibility; ::> � sand and sandy gravel (good fill material) SP low compressibility; high erosion factor; common excava-0 
i "' ed 
gravel tion; nearly level to gently sloping; very steep slopes 
� locally. 0 



























""' r.. a 0 Henry Formation Predominantly clean sand with High water table; very stiff to hard; insensitive; good per-0 a little gravel coarser than 2" ;;; Mackinaw Member Sand and gravel diameter; usually more than GP-SP meability; negligible to low frost susceptibility; low com-pressibility;. sands have high erosion factor; common exca-
hm 201 tJlick; overburden less than vation; nearly level to very gently sloping. 10' thick 
CX> "I 
..... 
Henry Formation Outwash: fine-Batavia Member grained gravel, Predominantly clean sand with 
sand, a little silt a little fine gravel ' hb 
Henry Formation 
Wasco MemDer Silt, fine-grained Small localized deposits of 
sand, some gravel fine sand and gravel 
hw 
Fine to very coarse ridge areas 
Henry Formation of dirty and poorly sorted sand 
Wasco Member Sand and coarse- and gravel; various thicknesses, 
"' gTained gravel up to 70'; limited lateral ex-
z hww tent; overburden generally less "' than 10' u 
� � � Cll 01 z Wedron ·Fonnation Till - olive brown ,..., Ol Wadsworth Member to gray pebbly clay; No sand and gravel; formerly 0.. z 0 used as a source of clay for � 0 "' with associated 0 common brick 0 0 WC lacustrine depcsits 
1i! � 0 ·� "' 
� 
0 Wedron Formation Till - olive yellow 
Wadsworth Member to olive brown to 




Tlll - brownish ye!-
low clayey silt, peb- No sand and gravel 
b!y, locally sandy 
ws 
Wedron Formation Till - yellow brown 
Wadsworth Member to gray brown silt, 
pebbly, locally No sand and gravel 
wcs clayey 
t For explanations of Unified Soil Classification symbols and for definitions of 
terms used in descriptions, see appendix, p. 37 rt. 
Occasional flooding; high water table; medium to high 
natural water content; medium to very stiff: good permea-
SP-GP bility; low to medium frost susceptibility; low compress!-
bility; high erosion factor; common excavation; very gently 
to gently sloping. 
Occasional flooding; high water table; medium to high 
natural water content; soft to medium; poor to good permea-
SM-SP bility; high to very high frost susceptibility; high to low 
compressibility; high erosion factor; common excavation; 





Floodin9 occasional to seldom; high water table near shore; 0 
low to medium natural water content; medium to hard; insen-
SW-GW �itive; good permeabilify; low to medium frost susceptibil-
ity; low compressibility; high erosion factor; common exca.: 
Gl 
><: 
vation; moderately to strongly sloping; in places there are 
very steep slopes. '"'lj 
0 
Occasional flooding; high water tahl;e; low to medium natural � 
water content; soft to very stiff; poor permeability; high to 
very high frost susceptibility; high to low compressibility; 
ML-CL lacustrine depcsits may have high erosion factor; common 
"tl 
t-t 




Flooding seldom to occasional; water table may be high 
in some places; medium to low natural water content; med-
ium to very stiff; poor permeability; high frost susceptibility; 
ML-CL low compressibility; low erosion factor; common excavation; 





to strongly sloping. ...... 
z 
Flooding seldom; low water table; low natural water content; 
stiff to very stiff; poor permeability; high frost sµsceptibility; 
ML-CL low compressibility; low erosion factor; common excavation; 
gently to moderately sloping; in places unit boundaries are 





Flooding occasional to seldom; high water table; low to 
medium natural witter content; stiff to very stiff; poor per- 0 
ML-CL meability; high frost susceptibility; low compressibility; 0 
low erosion factor; common excavation; very gently sloping; 
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G E O L O G Y 
The land scape of Lake County has been shaped principal ly by the action 
of water and glacial ice . Layered , consolidated bedrock underlies the sur­
ficial unconsolidated deposits ,  which are generally between 100 and 3 00 feet 
thick (pl . 2, B - cross sections) . The unconsolidated material is thickest ­
between 2 00 and 3 0 0  feet -in the western part of the county, whereas east of 
the De s Plaines River it is between 100 and 200  feet thick . 
At present , the county is drained by the Fox River in the west and the 
De s Plaines River and its tributaries throughout the central area (pl . 1) . The 
southea ste rn part of the county is drained by the North Branch of the 8hicago 
River and its tributarie s .  A number.of short, intermittent stream s ,  many with 
very steep gradients ,  which flow into Lake Michigan, drain the ea stern edge 
of the county . 
The maj or landforms were shaped by the la st glaciers to cover the county . 
In the weste rn part of the county, these include gravelly hills (kames) about 
75 feet high and 1000 feet in diameter interspersed with many lakes and bogs 
(pl . 1) . Ea st of the gravel hills and lakes is a broad , complex upland composed 
of pebbly, sandy, silty clay (glacial till) extending to the Des Plaines River 
Valley . This upland is part of the Valparaiso Morainic System (fig. 2) , one of 
the most conspicuous topographic features in northea ste rn Illinoi s .  This system 
is composed of a broad series of ridges (moraines) , which is more than 10 miles 
wide . Undrained depressions are numerous among the ridge s ,  and the se con ­
tain either small lake s or small swamps filled with peat and muck .  
The Des Plaine s River Valley wa s a drainageway for glacial meltwaters , 
which deposited sand , silt , and gravel in the valley . East of the De s Plaine s is  
another serie s of moraine s ,  known as the Lake Border Morainic System . Along 
the Lake Michigan shore are sand and gravel deposits brought there by the 
wave and current action of the lake . 
UNCONSOLIDATED SURFICIAL DEPOSITS 
Unconsolidated deposits in Lake County range from about 75 feet to 3 00 
feet in thicknes s .  These depo sits bear most of man' s activities in Lake County . 
The majority of the unconsolidated deposits were left by the glaciers that formerly 
covered the region . The deposits are mapped and de scribed on plate 1 and are 
discus sed in this report . Empha sis is on their physical characteristics ,  which 
control the feasibility of the various land use s .  Formal geographic name s have 
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Fig. 2 - Moraines in Lake County (after Willman and Frye , 1 970). 
been designated for the deposits,  fo llowing current stratigraphic practice ,  and 
the name s conform to tho se used by the Illinois State Geological Survey (Will ­
man and Frye , 197 0 ). The names facilitate identification of the deposits in 
Lake County with equivalent deposits in o ther parts of Illinois .  
Other geographic names that are used in connection with the deposits 
refer to prominent moraines  that have been recognized in northea stern Illinois .  
For example , one of the more extensive deposits , the Wad sworth Till Member 
of the We dron Formation (pl . 1 )  is subdivided geographically by referring por­
tions of it to the Lake Border, Tinley, or Valparaiso Moraine (Willman, 1 97 1 ,  
and fig .  2) . 
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The deposits are described in the following pages in groupings of simi ­
lar materials :  glacial till, glacial sand and gravel, lake and bog deposits , 
wind -blown deposits,  and ri ver deposits . These are generally arranged by 
age from oldest to youngest . The deposits are also described in the legend of 
plate 1 with the oldest at the bottom and the younge st at the top . Figure 3 re­
late s the named deposits to geologic time and also shows in cross section the 
physical relations of the deposits to each other. For convenience in locating 
certain kinds of earth materials ,  there is also a key in plate 1 to map units , 
which are arranged according to their texture (grain size) from finest to coarsest . 
Additional details on the mapped units mentioned in this report are given by 
Willman and Frye (19 70) and Willman (1 9 7 1) . 
Glacial Till 
Wedron Formation 
The largest proportion of the glacial deposits covering the bedrock in 
Lake County is glacial till . Till is unsorted , ice-deposited sediment com­
posed of a matrix of silt , clay, and sand , in which pebble s ,  cobble s ,  and 
boulders are embedded . The cross sections on plate 28 show that there are 
four units that make up the bulk of the glacial deposits : a basal till unit with 
associated s and and gravel, which i s  not exposed at the surface in Lake County; 
an intermediate , locally rather extensive , sand and gravel deposit; an upper 
till , which i s  the principal surface material in about three -fourths of Lake 
County ; and scattered , generally local deposits consisting principally of 
sand and gravel, water-laid silts ,  and peat . The two tills and the intermediate 
sand and gravel deposit are all included in the Wedron Formation, even though 
the precise identity of the basal till has not been determined . 
Wadsworth Till Member (ws ,  wcs ,  we , wsc )* - The principal surface 
unit, the Wadsworth Till Member, underlie s all of Lake County except for small 
portions of the westernmost part of the county . It ranges in thickne ss from j ust 
a few feet to more than 2 5 0  feet . In general, it i s  characterized by a yellow or 
olive brown color in the upper 5 - to I 0-foot oxidized zone , which contains a 
surface-soil profile ,  and by gray below the zone of oxidation; it range s in 
text ural composition from clay to clayey silt or slightly sandy clayey silt; it is 
generally pebbly and contains a few boulders . The pebble s and boulders are 
most commonly dolomite and shale . 
The textural variations noted within the Wad sworth Till are used to sub­
divide the till into the units mapped on plate 1 and in some cases roughly cor­
respond to moraine s (fig . 2) . The area we st of the Des Plaine s River is under­
lain by till, the matrix of which is predominantly silt . The till has two mappable 
variations : a clayey phase (wc s) and a somewhat sandy phase (ws) . The clayey 
phase occupies about half of Lake County, covering much of the central area 
from j ust we st of the Des Plaines River to the sand and gravel area along the 
western border . This area corresponds generally to the tract mapped as the 
Valparaiso Morainic System . The topography of the surface of this till is 
morainic ,  with many low ridges and hills interspersed with lakes , lake basins , 
and peat bogs . The till is yellowish bro wn to gray-brown and contains numerous 
*The letter symb o l s  designate the various map units shown on plate 1. 
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TIME UNITS 
ROCK UNITS 
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Fig. 3 - Geological classification and field relations of surficial materials in 
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carbonate pebbles and shale fragments . It is the thickest till unit in the county, 
averaging 50 to 60 feet . In some places , however, under the higher ridges ,  
it may be a s  much as 15 0 feet thick (pl . 2) . Within the same central area , 
there are patches of the s andy phase of the till (ws) . 
Most of the sandy phase (ws) of the silty till occurs in a relatively 
narrow band j ust west of the Des Plaines River and corresponds roughly to the 
Tinley Morai ne ,  which forms a long narrow ridge averaging about a mile and 
a half in width . In this area the till may locally contain as much as 3 0  percent 
sand . It is brownish yellow, contains many dolomite pebbles ,  and averages 
20 to 3 0 feet in thickness . The till overlies the clayey phase (wcs) to the 
west and appears to extend eastward in the subsurface beneath the more 
clayey tills (pls . 1 and 2) . It crops out again at the surface along the lake 
shore at the base of the blu ff along Lake Michigan . This band of outcrop is 
very na rrow and could not be shown on plate 1, but the outcrop is shown on 
large- scale Soil Conservation Service maps (Paschke and Alexander, 19 70) . 
The most clayey portions of the Wadsworth Till occur within the area 
mapped as the Lake Border Morainic System on the eastern side of the county . 
The Lake Border Morainic System consists of five long , narrow, closely spaced 
moraines trending north and south , paralleling the shoreline of Lake Michigan . 
The moraine s are called , from west to east ,  the Park Ridge , Deerfield , Blodgett , 
Highland Park, and Zion City . The clayey Wadsworth Till can be divided into 
two phases,  a silty clay phase (wsc) and a clayey phase (we) . The clayey 
phase is preval ent in the southeastern quarter of the county, where it may con­
tain as much as 70 percent clay . There , lacustrine sediments are commonly 
associated with the till . This clayey till is between 3 0  and 40 feet thick and 
is olive yellow, olive brown, and gray . It contains many shale and dolomite 
pebble s .  
Although there is a possibility of transition between the various textural 
units within the Wadsworth Till Member, the cross sections (pl . 2) suggest 
that there are bodies  of sand and gravel that may se parate the se units ,  even 
though the sand and gravel zones are relatively thin and generally local and 
discontinuous .  
Glacial Sand and Gravel 
Henry Formation 
During periods of glacial melting, vast quantitie s of loose material were 
washed away in the meltwaters .  This material, called outwash, is size- sorted . 
Fast-moving waters carried and depo sited sand and gravel whereas slow-moving 
waters deposited fine sand and silt . Three types of outwash deposits are rec ­
ognized in Lake County: valley deposits , outwash plains , and kames . All out ­
wash deposits at the surface in Lake County a n� assigned to one of the three 
members of the Henry Formation . 
Valley deposits (Mackinaw Member, hm ) - Meltwater channeled down 
the Des Plaines River deposited sand and gravel outwash assigned to the 
Mackinaw Member of the Henry Formation (hm) . Sand and gravel deposits 
along the river average 2 5  to 3 0  feet in thicknes s ,  and gravel pits have been 
operated in these deposits for many years . 
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Outwash plains (Batavia Member, hb) - Outwash plains are formed of 
clean sands and gravels that were spread by meltwaters in front of the glaciers . 
These depos its ar .e called the Batavia Member of the Henry Formation (hb) . In 
Lake County , the occurrence of outwash plains is limited , compared with their 
widespread extent south and west of the county .  However, near the western 
county iine , a relati vely narrow ou twash plain does occur. It is about 2 mile s 
wide and is underlain by 2 0  to 3 0  feet of sand and gravel. The plain is dotted 
by many lakes,  peat bog s ,  and lacustrine depos its . 
The only ot her significant outwash plain occurs in the south-central part 
of the county about 2 miles west of the Des Plaines River . The outwash there 
is fine -grained , silty sand and gravel ,  les s  than 2 0  feet thick, which covers 
an area of approxi mately 3 square miles .  
Ka rnes (Wasco Member, hw and h ww) - Much stratified sand and gravel 
occurs in high hills ,  mound s ,  and knobs , called kames ,  along the western edge 
of the county . The depo sits of glacial sand and gravel in kames are as signed 
to the Wasco Member of the Henry Formation (hww) . Ka rnes are deposits formed 
where streams cascaded off the surface of the glacier, either at an ice front or 
in holes and c revasses in the ice . The materials forming kames range in size 
from sand to cobbles and large boulders . The lateral and vertical continuity of 
beds of s and and gravel in k ames is highly varied , and the water-laid material 
may be interstratified with till . 
Scattered on the surface of the Wedron Formation throughout the central 
part of the county are small areas of poorly sorted sand ,  gravel, and silt usually 
not more than 10 feet thick . These deposits were formed during the final melting 
and wasting of the ice,  when the remaining rock debris incorporated within and 
resting on the ice was released by melting . These deposits were partially 
sorted by meltwaters and are also as signed to the Wasco Member (hw) . Such 
deposits occur in small basins or in broad , low areas and are particularly 
prevalent around the small lakes in the center of the county. 
Lake and Bog Deposits 
Deposits of former lake s are found at the surface at places in Lake 
County, particularly in the western half. Deposits of mode m lakes are also 
pre sent under Lake Michigan and beneath the waters of the many natural lakes 
that dot t he county ( fig .  4) . Many depre ssions in Lake County are the sites of 
swamps or bogs that have accumulated deposits of peat and muck (fig . 5 ) . 
The se deposits have been assigned to various stratigraphic units on the basi s 
of their composition, origin, and stratigraphic position (fig.  3 ;  pl . 1) . 
Older lake deposits (Equality Formation , Carmi Member, ec) 
Deposits of former lake s are as signed to the Equality Formation. They 
consist of lake silt and clay deposited in the deeper portions of the old lake 
bed s (Carmi Member, ec) and of coarse-grained beach deposits of silt , sand ,  
and gravel deposited in the nearshore area s (Dolton Member, ed) .  Clays de­
posited in former lake s are found at the surface in widely scattered places through­
out the western half of Lake County . These areas are characte rized by nearly 
leve l topography and have elevations between 750  and 780 feet. The clayey 
lake deposits are not more than 10 or 15 feet thick . They are yellow-gray to gray, 
faintly bedded , and uni form in texture . 
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Fig. 4 - View south over Fox River and Chain O'Lakes State Park. Water in 
upper left corner is northern end of Grass Lake. The wooded areas 
stand higher in elevation than the river and the lake plain. 
Fig. 5 - Volo Bog, western Lake County, view east. Pond in center is a remnant 
of a lake; it is being filled by encroaching swamp vegetation. Lake basins 
are typical features of the glaciated terrain of Lake County. 
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Older beach depos its (Equal ity Format ion, Dolton Member, ed) 
Sand a nd sandy gravel of the Dolton Member were depos ited along the 
shorel ine of Lake M ich igan dur ing former, h igher levels of the lake . The se 
15 
old beach depos its form a ser ie s  of north-south trend ing r idges along the former 
shorel ine s .  North of Waukegan, the sand has been blo wn inland from the beach 
and has accumulated on the lee s ide of the numerous r idges .  Beach depos its 
have not been recogn ized or mapped around the s ite s of other former lakes in 
Lake County . 
Mode m lake depos its and beach sands (Lake M ichigan Formation, includ ing the 
Rav in ia Member, lr) 
The Lake M ichigan Format ion cons ists of bottom depo s its and beach sed­
iments of modern natural lakes in Ill ino is .  S ince these depos its are largely under 
water, only beach depos its (Ravin ia Member, lr) are mapped (pl . 1 ) . Only th in 
lake depos its are present under most of the small lakes in Lake County because 
the la kes receive l ittle sed iment from streams .  The se depos its are generally 
clayey. Lake sed iments r ich in organ ic matter are ass igned to the Grayslake 
Pea t  (g) . 
The th ickest lake depos its occur on the floor of Lake M ich igan . The 
floor of the lake is underla in by th in (0 . 5 to 5 feet) sand depos its over glac ial 
till for several m iles eastward from shore . Beg inning about 6 m iles offshore , 
soft lake clays , red , brown, and gray, appear and th icken eastward to about 
3 0  feet at the state l ine in the m iddle of the lake . The sed iments under Lake 
M ich igan range from 5 0  to 9 0  percent clay . Deta ils on the sed iments of Lake 
M ich igan are reported by Lineback et al . ( 19  7 1) and Lineback , Gros s ,  and 
Meyer (1 9 7 2) .  
The sand depos its along the present Lake M ich igan beach are mapped 
as the Ravin ia Member (lr) . In the area from Waukegan north to the Ill ino is­
Wiscons in border, the s and or sand and gravel of the present and older beache s 
averages about 2 5  feet in th ickne s s .  
Peat and muck (Grayslake Peat, g) 
Peat and muck are depos its r ich in organ ic matter that are made up of 
part ially decomposed and more or les s  d is integrated vegetable matter that has 
accumulated under water . Muck conta ins more inorgan ic sed iment than peat 
doe s .  Depos its of peat and muck are probably more abundant in Lake County 
than in any other area in Ill ino is .  Peat forms in topograph ically low, poorly 
dra ined areas , and in Lake County it is found in three d ifferent geolog ic en­
v ironment s :  in the Chain O 'Lakes lowland of the Fox River, between the var i­
ous mora in ic ridge s ,  a .nd in the sandy area beh ind the present Lake M ichigan 
beach r idge . In the Chain O 'Lakes lowland , large boggy tracts border many 
of the lakes . The one that enc ircle s Grass Lake is the largest bog in the state . 
Many bogs contain ing peat have also formed in low areas between kames . 
Dozens of peat bogs have formed in undra ined depress ions between 
the ridges of the -Valpara iso Mora in ic System, where the land surface was 
formed so recently that the natural development of dra inage has scarcely be­
gun . Many of these peat bogs are too small to appear on plate 1 ,  but they 
are d iscern ible on the 7 .  5 -m inute U . S .  Geo logical Survey topographic map s,  
espec ially the Lake Zur ich, Grayslake , and Ant ioch Quadrangles . 
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Swamps along the Lake Michigan shore occur in the low area behind 
the present beach ridge from north of Waukegan to the state line . The sedi ­
ments consist for th e most part of muck mixed with some sand and silt . Peat 
is present in some areas . 
Windblown Deposits 
Loess  is windblown silt that was deposited on the upland s a fter being 
picked up from broad river-valley flats during glacial periods . Loess  blan kets 
the upland in Lake County, covering the level and the slightly rolling areas to 
an average depth of 16 to 20 inches . Because the loess  is .the uppermost forma ­
tion in most of the county and usually occurs within the modern soil profile ; it 
is not shown as a mapped unit on plate 1. Loess at the surface in Lake County 
is  a ssigned to the Richland Loess . 
River Deposits 
Cahokia Alluvium (c) 
River deposits ,  or alluvium,  c onsisting of silt , sand ,  gravel , and c lay, 
sorted to various degrees , are found bordering and underlying nearly all of the 
pre sent-day streams in Lake County . These materials are called the Cahokia 
Alluv ium (c) . Alluvium may be very dark gray if it contains a significant amount 
of organic material . In Lake Cou nty the se deposits are usually less than 20 
feet thick . 
Other Map Units 
Made land (m) 
Man-made fill along the shore of Lake Michigan ha s resulted in a small 
increa se in the total land area of Lake County . Where the se deposits are ex- ' 
tensive ; t hey have been mapped . In Lake County ma de land generally consi sts 
of sand and man-made debri s .  
Glacial lake plain (eel) 
One map unit , not represented by extensive deposits ,  i ncludes areas of 
flat low-lying lak e beds along the eastern part of the county . The y owe their 
origin to scour under water during former, higher levels of Lake Michigan . The se 
areas are underlain by glacial till containing scattered deposits of sand and 
fine gravel less than 10 feet thick . 
BEDROCK 
Silurian-age dolomite underlies  the unconsolidated deposits everywhere 
in the county except for about 1 2  square miles in the west-central part , where 
the underlying bedrock is shal e of the Maquoketa Group of Ordovician age . The 
bedrock does not crop out but is mantled by at least 75 feet of d rift . The bed ­
rock strata dip to the east . As a re sult of erosion there is a reduction in thick ­
nes s  of the Silurian rocks from appro xima tely 300  feet in the eastern part of 
the county to 0 -5 0  feet near the western boundary . The sequence and nature 
of bedrock units beneath the dri ft are illustrated in figure 6 .  
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Fig. 6 - Generalized column of geologic formations in Lake County. 
WAT E R  R E S O U R C E S  
GROUND WATER 
Part of the precipitation falling on the earth's surface seeps downward 
to fill the pores in the rocks . Below a certain depth the rocks are saturated , 
forming the ground-water re servoir, the top of which is commonly called the 
water table . 
Openings in which ground water is stored in the ground-water reservoir 
range in size from minute pore s between particles of clay to large crevices in 
dolomite . Aquifers are earth materials that contain water and yield it readily 
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to wells . The capacity of an earth material to transmit water under pressure 
is  called permeability . Fine-grained clays , silt s ,  and shale s have low per ­
meability, whereas coarse-grained sand , gravel, sandstone , and creviced 
dolomite usually have high permeability . 
For many years , the aquifers of Lake Coun ty have supplied water in 
large enough quantities to meet industrial, municipal ,  and dome stic need s . 
Ground water in Lake County occurs at various horizons within the subsurface 
(pl . 2 ) . The cross section (pl . 2 ,  A) presents a pic ture of the entire , rather 
eomplex system . The other illustrations on the plate detail various parts of it . 
The general characteristic s of the ground-water system illustrated on 
plate 2A, can be briefly summarized as follows : 
( 1) There are five major water-yielding units : the glacial drift aquifers , 
the shallow dolomite aquifer (Silurian) , the Glenwood-St . Peter Sandstone , the 
Ironton-Gale sville Sandstone , and the Mt . Simon Sand st one . The latter three 
units are commonly called t he deep sandstone aquifers .  Water-yielding charac ­
teristics of the aquifers are detailed in the legend on plate 2 .  
(2) The two aquifers closest to the surface-the sand and gravel of the 
glacial drift and the Silurian dolomite-form a shallow system . Water i s  re ­
plenished , or recharged , to the se aquifers by local rainfall . The deep sandstone 
aquifers are recharged by precipitation seeping downward through overlying rocks 
in McHenry, Boone , De Kalb, and Kane Counties . Contrary to a popular myth, 
no water from Lake Superior replenishes the ground-water reservoir in Illinoi s .  
(3 ) The vertical distribution of the aquifers in the subsurface ranges 
from near surface to a depth of 170 0  feet . 
(4) Some of the aquifers in the shallow system are in direct contact 
with each other . Others are separated by a few tens of feet of non-water ­
yielding tills . The bedrock aquifers are separated by up to several hundred feet 
of non-water-yielding dolomites and /or shales . 
(5) The deep sandstone aquifers are present in all areas of the county, 
constituting a dependable , though deep, source of ground water . 
(6 ) The aquifers of the shallow system do not occur consistently, but 
pinch out in some places .  Thus ,  water yields from these aquifers may vary 
markedly from place to place , making it difficult to predict yield s prior to dri lling . 
(7) Ground-water resources are available everywhere in Lake County . 
However, in the eastern part of the county, water of good quality and in large 
quantitie s occurs mainly at considerable depth . 
Glacial Dri ft Aquifers 
Sand and gravel deposits are the main aquifers in the glacial drift . They 
are scattered somewhat erratically throughout the dri ft, and their general thick ­
nes s ,  distribution, and continuity in Lake County are best illustrated on the 
cross sections (pl . 2 ,  B) . In this report a sand and gravel deposit i s  mapped as 
an aquifer if  it  is at  least 15 feet thick and occupie s at least half a square mile 
in area . 
Dri ft aquifers that occur only at the surface are called surficial aquifers 
(pl . 2 ,  C) . Those occurring exclusively in the subsurface (covered by 10 feet or 
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more of fine-grained deposits) are called buried aquifers (pl . 2 ,  D) . However, 
an aquifer unit may be present at the surface in one area and continue into the 
subsurface in another, where it is buried by overlying materials .  
The cross sections and maps of the drift (pl . 2 ,  B ,  C ,  and D) all show 
two thick , extensive sand and gravel aquifers occurring in the western third 
of Lake County . In some places no till separate s these two aquifers ,  so they 
form o ne continuous sequence (pl . 2 ,  B .  - cro ss sections 2 ,  4 ,  and 5) . Because 
the se two aquifers are also highly permeable , they have the best potential for 
development of any of the dri ft aquifers in Lake County and are probably capable 
of producing large quantitie s of water.  At high elevations , however, wat er in 
th em may drain out naturally . The areas where this condition exists are out­
lined on plate 2 D .  One of the se aquifers is at the surface in the western 
quarter of the county and extends eastward for a considerable distance into 
the subsurface ,  where it is buried by younger, overlying materials . As it 
gradually thins towards the east, its productivity corre spondingly decreases . 
The other drift aquifers in Lake County, whether buried or surficial, 
are not exceptionally productive , because, as shown in plate 2B,  none are 
consistently thick, although some may be fairly extensive . Where some of 
these aquifers thicken locally, however, they yield moderate to small quanti ­
ties of water . 
Shallow Dol omite Aquifer (Silurian) 
Silurian dolomite forms the uppermost bedrock aquifer and lies directly 
beneath the glacial drift (pl . 2 ,  A) . In the southern part of the Des Plaines 
River Valley, it is only about 75 'feet below the surface , where the dri ft is 
thinne st (pl . 2 ,  B - cross sections 2 and 4) . In area s where the drift is thick , 
the dolomite may lie more than 200  feet below the surface . 
The upper third of the dolomite is the most productive part because 
numerous fractures ,  crevice s ,  and solution cavitie s occur there . The greater 
the number of such openings intersected in the well bore , the higher the well 
yield . 
Another factor influencing the productivity of the dolomite is its thick ­
nes s .  We st of the 5 0 -foot thickness line , shown on map E (pl .  2) and cros s  
section A (pl .  2 ) , yields from the dolomite become progres sively smaller as it 
continuously thins and , in some places near the county line , pinches out . East 
of the 5 0 - foot line , the dolomite thickens to 2 5 0  to 300  feet along the Lake 
Michigan shore (pl . 2 ,  A and E). In consequence , productivity increases in 
this direction . 
The water quality of the Silurian dolomite is adversely affected at many 
places in Lake County by the pre sence of gas , oil , and hydrogen sulfide . In ­
dications of the presence of the se substances ,  compiled from well logs in the 
files  of the Illinoi s State Geological Survey, have been plotted on plate 2 E .  
Aerators and commercial treatment can usually remove these substance s from 
well water (Larson and Spafford , 1947) . 
Deep Sandstone Aquifers 
Sandstone aquifers all occur at considerable depth (pl . 2 ,  A) , and wells 
fini shed in them are sufficiently costly that they are usuall y constructed only by 
municipalities and industrie s .  Commonly, more than one of the sandstone aquifers 
are penetrated by a sand stone well . 
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The Ironton- Galesville Sand stone is the most productive of these aqui ­
fers . Because of its continuity, uniform thicknes s ,  and water-yield ing char­
acteristics ,  it is capable of consistently yielding 100 0  gallons , or more , of 
water per minute (Suter et al . ,  1959) . 
The St . Peter Sandstone yields only moderate quantities of water, suf­
ficient for small industrial and municipal use, as its permeability and thickness 
are less favorable than those of the Ironton-Galesville . 
Because of its great thickness (approximately 2000  feet) , more water 
is present in the Mt . Simon Sandstone than in all of the other aquifers combined . 
However, as the Mt . Simon occurs at great depth and the water in it becomes too 
saline for use without treatment approximately 2 0 0  feet below its upper surface ,  
it i s  not economically feasible to fully develop the aquifer at present . It re­
mains , therefore , a large reservoir of ground water for possible future use . 
SURFACE WATER 
Lake County not only has valuable ground-water resources but also has 
acce s s  to Lake Michigan . Water supplie s drawn from Lake Michigan in Lake 
County include those of Highland Park , Lake Forest , North Chicago, Waukegan, 
Zion, Winthrop Harbor, Fort Sheridan, Highwood , Great Lakes Naval Training 
Station, and the Lake County Water District . In addition , the town of Deerfield 
buys water from Highland Park and Lake Bluff buys water from Lake Fore st (Sheaf­
fer and Zeizel , 19 66) . 
About 5 0  . 4  million gallons of water a day 'are withdrawn from the lake 
by municipalities in Lake County . After use , the water withdrawn by Waukegan, 
North Chicago , Fort Sheridan , the Naval Training Station , and the Lake County 
Water District , as well as part of the withdrawal by Highland Park and Lake 
Forest, is returned to Lake Michigan in the form of treated effluent . There is 
growing concern about retu rning treated effluent to the lake , however, and plans 
have been formulated i n  the county to phase out this practice .  According to 
these plans , new county sewage-treatment plants are to be built on the Des 
Plaines River and the North Branch of the Chicago River . 
In a 19 66 decision of the U . S .  Supreme Court (Wisconsin v .  Illinois) , 
which became effective on March 1, 19 69 , a limit was s et on the withdrawal of 
water from Lake Michigan by Illinois .  The state is permitted to divert a max­
imum of 3 2 0 0  cubic feet of  water per second (a  cubic foot of  water equals 7 . 5  
gallons) from the lake, to include water supply and diversion for the Chicago 
Sanitary and Ship Canal . The present diversion by the City of Chicago and the 
Metropolitan Sanitary District totals about 3 100 cubic feet per second , thereby 
leaving 10 0 cubic feet of water per second (64 .  6 million gallons per day) for 
other water systems in the state using the lake for water supply . 
The authority to allocate the lake water among the various communities 
wa s assigned to the Division of Waterways of the Department of Public Works 
and Buildings (now the Division of Water Re source Management of the Depart ­
ment of Transportation) by the 19 69 General Assembly o f  Illinoi s .  Lake County 
officials have filed a report with the Divi sion stating that the county by the 
year 2000  will need 3 2 . 8 percent more water from Lake Michigan than it is now 
diverting . 
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MANAGEMENT O F  WATER RESOURCES 
Two aquifers have good potential for further development -the sand s and 
gravels and the shallow dolomite . The Ironton-Gale sville and the St . Peter 
Sandstone s show a steady yearly decline in artesian pre ssure as a re sult of 
continual withdrawals (Sasman , McDonald , and Randall , 19 6 7) . This decline 
increases pumping costs every year . For the se reasons , continued development 
of the sandstone aquifers will probably decrease . 
Although there is an extremely large reservoir of ground water in the 
Mt . Simon Sandstone , development of this aquifer is not proceeding at pre sent ,  
mainly because of high drilling costs . In addition, only the upper 200  feet 
of the formation contains potable water and there is a risk of upward migration 
of the more mineralized water from the deeper part of the Mt . Simon as a result of 
pumping from the upper portion . 
Sheaffer and Zeizel (19 66) and Prickett et al . (19 64) have shown that 
the shallow aquifers (the shallow dolomite and the drift sand s  and gravels) are 
capable of yielding more water than is being withdrawn at pre sent because 
the se system s are recharged quickly by local rainfall . In the Libertyville area 
alone , Prickett et al . ( 19 64) estimated that dolomite wells are capable of yielding 
5 00 gallons of water per minute -high enough yields to support industrial or 
municipal development . Possibly the dolomite in the remaining areas of eastern 
Lake County could also support larger withdrawals , particularly if the well field s 
were properly spaced to prevent interference .  
An opportunity also exists in Lake County to utilize the water resource 
in the extensive drift s and and gravel aquifers in the western part of the 
county . The potential of the se aquifers remains largely undeveloped . Further 
use of the shallow aquifers would help alleviate the present demand on the deep 
sandstone aquifers and Lake Michigan to supply Lake County's water needs . 
M I N E RA L  R E S O U R C E S  
SAND AND GRAVEL 
In 19 7 1  Lake County ranked sixth in the state in the production of common 
gravel and third in the production of common sand (Busch, 19 73) . Probably the 
best deposits of sand and gravel, as far as thicknes s ,  cleannes s ,  and lateral 
continuity are concerned , are in the Des Plaines River Valley (Ekblaw and Lamar, 
1964) . These deposits are usually more than 2 0  feet thick and have a cover of 
les s  than 10 feet of fine-grained river deposits (pl , 1, pl . 3 ,  and table 1) . 
Coarser material (up to 2 inche s in diameter) is found in the northern part 
of the valley than is found farther south . Gravel operations have been conducted 
for years in the De s Plaines River Valley, but there remains a considerable 
amount of commercially valuable material that could be extracted . 
The other important area for production of commercial grade sand and 
gravel is  along t he western edge of the county . Here , the numerous hills and 
ridges are composed predominantly of sand and gravel . The deposits vary in 
texture laterally and vertically . This variation i s  a typical characteristic of 
sand and gravel kames .  As a result of it , coarse material may grade into fine 
material in either direction and clean sand and gravel of excellent quality may 
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grade laterally into dirty , poorly sorted material . The coarsest material is  
found along the extreme western edge of the county, and reserves of high 
quality gravel may be pre sent in this area .  Several miles east of here the 
material is considerably. · finer . 
Abundant sand deposits , intermixed with fine to coarse gravel, occur 
along the marginal areas of the Lake Michigan shore north of Waukegan . Al ­
though in the past there were a few commercial sand and gravel operations 
here , there is none at present .  
Isolated hills and patches o f  sand and gravel near the lakes in the Val­
paraiso Morainic System are not thick or  coarse-textured enough to  support 
commercial operations • 
PEAT 
Lake County i s  second only to Whiteside County in the production of 
peat in Illinois (Hester and Lamar, 19 69) .  The largest peat deposit in north ­
eastern Illinois is located here . This deposit , over 3 square miles in size ,  
surrounds the northern half of  Gras s  Lake and i s  now within the Chain O'Lakes 
State Park . 
Three peat companies are at present operating in the county (Hester and 
Lamar, 19 69) -one southwest of Grayslake , the second west of Loon Lake , and 
the third east of Lake Villa . Many other peat deposits could be worked if the 
demand arose.  In the United States peat is used almost entirely for agricultural 
and horticultural purpose s ,  particularly for soil improvement . 
BORROW MATERIAL 
Borrow material i s  earth material used principally for highway embank ­
ments and fill . Almost all earth materials are suitable for thi s use except or ­
ganic silts ,  peat, and muck , which do not compact to form stable embankments . 
The tills in Lake County have been extensively used for borrow material, par­
ticularly in the past 15 years of accelerated highway and tollway construction. 
The use of the many borrow pits that were excavated during the con­
struction of I-94 (the Tri-State Tollway) illustrate s the application of the mul ­
tiple land-use principle . After the borrow material was removed , the banks 
were graded and grassed and then the excavated pits were allowed to fill with 
water, forming small lakes . 
CLAY 
In past years clay till of the Lake Border Drifts (we) was used as a re­
source in the manufacture of common brick of the Chicago type (Stevens , 1942) . 
The National Brick Company formerly operated a large brickyard in Deerfield 
on County Line Road , but the yard has bee n abandoned for a number of years 
because the market for paving brick has disappeared . 
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WASTE DISPOSAL 
Effluent from septic tanks is commonly discharged into the ground through 
field tile , and solid wastes are buried in the earth, preferably at sanitary land ­
fills . * Therefore geologic and hydrologic conditions strongly influence the 
e ffects that these waste s will have on the surrounding environment . 
Many areas provide a high degree of natural protection against the 
widespread movement of pollutants from a disposal site , whereas others provide 
very little . At landfills , engineering techniques can usually be employed to 
improve conditions by controlling both the production and the undesirable spread 
of contaminants .  The se technique s include lining burial area s and/or covering 
refuse and collecting and treating any liquid contaminants produced . Where 
hydrogeologic conditions are not suitable for proper operation of septic tank 
system s or where the population density is so high that individual system s would 
overburden the environment, central sewerage systems are usually needed . 
Landfills and septic tank system s differ in the nature of contaminants that 
they release to the earth . A landfill produces a relatively small volume of 
effluent, in the form of a concentrated , mineralized liquid called leachate , 
wherein inorganic substances predominate over organic substances . Leachate 
may migrate a considerable distance from the landfill in a given direction, but 
the overall area affected by the landfill is small . 
In contrast, a septic tank system produces a relatively large volume of 
dilute waste that is mainly organic in nature . l:\n improperly positioned septic 
tank system can introduce bacterial contaminants into nearby wells or surface 
waters . In metropolitan areas , where there are large numbers of closely spaced 
septic tank systems ,  the total , accumulative e ffect of the effluent contributed 
by all of the systems can be to diffuse contamination widely, which may cause 
a general degradation of the ground water ove r a broad are a .  
The following discus sion mentions some o f  the hydrogeologic factors 
that must be considered in evaluating the suitability of waste-di sposal sites . 
Dissolved solids ,origina ting in refuse or in septic tank systems will 
move with the ground water from disposal areas ;  therefore , the direction of 
ground-water movement around a disposal site controls the direction of move­
ment of leachate and effluent . Determination of the direction of ground-water 
flow is customarily done by measuring the water levels in pie zometers or wells 
around a disposal area . 
Permeability is a measure of the ease with which water will flow through 
a material . Generally, the most permeable earth materials will control the 
quantity and velocity of leachate movement . Fine-grained materials such as 
clays have low permeabilities ;  only small quantities of water "rnove through them 
* 
American S oc iety of C ivil Engineers ( 1 95 9 ,  p. 1 )  has defined sanitary landfill ing as " a  
method o f  disposing o f  refuse o n  land without c reating nuisances o r  hazards to pub l ic 
health or safety , by utiliz ing the principles of eng ineering to c onfine the refuse t o  
t h e  small est prac tical area, t o  reduc e it to t h e  small est practical volume, and cover 
it with a layer of earth at the conclusion of each day • s  operation, or such more fre­
quent intervals as may be necessary . "  
In Illinois, sanitary landf ills are l i c ensed by the Illinois Environmental Protection 
Agency. 
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and these at slow rates .  Clean, coarse-grained sands and gravels and frac­
tured rocks are highly permeable ; thus large quantities of ground water can 
move through them rapidly, facilitating the spread of leachate and /or effluent 
that may be in the ground water. 
The capacity of some earth materials to reduce the concentration of 
dissolved substances in leachate to relatively low, safe levels is a major 
factor in retarding the widespread movement of contaminants .  In moving through 
fine-grained materials ,  dissolved substances in leachate are reduced , or at­
tenuated,  to low levels within relatively short di stance s .  In contrast, dis ­
solved substances in the ground water can travel relatively long distance s 
through coarse -grained sands and gravels and fractured rocks without being 
greatly attenuated . 
The depth to the water table (the top of the zone of sat uration) is another 
factor affecting the suitability of the environment for septic tank fields and 
landfills . A high water table , particularly where there are earth materials of 
low permeability, may cause effluent or leachate to flow out on the surface in 
springs and pollute surface waters . 
Another consideration in evaluating a site for waste disposal is the use 
of ground-water re sources in the area . Di sposal facilities should be so placed 
that if dissolved substances move from them the substances will be attenuated 
to acceptable levels before reaching a poi nt of water use or before affecting 
a potential source of water . 
To facilitate di scus sion of conditions for waste disposal , Lake County 
sur ficial deposits are separated into areas of four type s on the basis of proper­
ties related to waste disposal (fig .  7) . (Areas of the same type wil l be referred 
to collectively as an 11 area, 1 1  e . g .  , Area I . )  Hydrogeologic conditions are 
summarized for each type , and any ground -water resources that could be affected 
by waste-disposal operations are mentioned . Both natural limitations and 
favorable natural conditions are pointed out . 
The map (fig . 7) should be used for regional interpretations only . Be­
fore serious consideration is give n to a specific site , an inve stigation should 
be undertaken to determine whether hydrogeologic conditions at the site are , 
in fact, as de scribed for the area . 
Area I 
Hydrogeology-Relatively permeable materials from 5 to 40 feet thick occur at 
the surface . Underlying these surficial materials are thick , les s  permeable tills . 
The surficial materials in the Des Plaines River Valley (c and hm , pl . 1) are 
fairly coarse sands and gravels ,  remnants of valley trains , and are 20 to 3 0  
feet thick . Coarse , gravelly beach sand s ,  2 5  to 4 0  feet thick, occur along the 
Lake Michigan shore , north of Waukegan (lr and ed) • In the valleys of the 
North Branch of the Chicago River, on the West Fork , and the Skokie River, 
the surficial materials are alluvium , 5 to 10 feet thick, that consists predomi ­
nantly of sandy clay and silt with minor amounts of silty and gravel ly sand 
(c and eel) . Lake silts with some interbedded sand , gravel, and clay occur in 
the rest of Area I and are usually between 5 and 2 0  feet thick . 
The til l beneath the se surficial deposits ranges from 5 0  to more than 10 0 
feet thick . Relatively few extens�ve permeable units occur in the upper part , 
but thin lenses of sand are scattered throughout . 
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Fig. 7 - Surficial materials of Lake County d iffe rentiated on basis of properties 
related to waste disposal. 
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The top of the zone of saturation in Area I is close to the ground surface , 
generally within 10 feet of it . The general direction of ground-water movement 
is predominantly lateral through the relatively permeable surficial deposit s ,  
with only slight downward movement into the underlying tills . 
Solid Waste -Dissolved substances migrating from landfills tend to move laterally 
with the ground water through the relatively permeable surficial deposits and 
downward into the underlying till . Reduction in the concentration of these 
substances would be highest in the relatively fine-textured alluvial and lake-
bed deposits . Reduction would be low in the coarse-textured surficial sand s 
and gravels , and dissolved solid s could move rapidly in these areas . 
Because of the relatively low permeability of the underlying till,  dis ­
solved substances would probably be attenuated to low levels by migrating a 
very short distance (a few tens of feet) , unless they would reach a sand unit 
with a higher permeability . Preliminary exploration in Area I should include 
borings penetrating below the base  of the site to determine whether interbedded 
sand bodies are ptesent within the upper part of the till , because these beds 
of sand could conduct dissolved solids downward to deeper aquifers . 
Dissolved substance s migrating from landfills located near surface 
water bodies could be discharged into these waters . If the surface waters have 
a large volume ,  the increase in dissolved substances re sulting from migration 
of leachate could be negligible . However, water quality in the surficial materials 
would be degraded between the landfill and the point of discharge , and any shal ­
low wells in this flow path would be affected . 
Septic Tank Systems -Septic tank systems in most of Area I would function ef­
ficiently except where static-water levels are high . If septic tank systems are 
numerous and closely spaced, they may release more effluent than can be reno­
vated in the underlying earth materials and thereby cause pollution . 
Effect of Waste Disposal on Aquifers -Small dome stic water supplie s have been 
developed in the surficial sands and gravels ,  both along the Lake Michigan 
shore and in the De s Plaine s River Valley .  These wells are particularly sus ­
ceptible to contamination from septic tank systems and land fills . 
Area II 
Hydrogeology-In Area II , the most extensive area,  covering almost three ­
quarters of Lake County, fine-textured silty till, silty clay till, or clayey till 
(we , wsc , ws, and wcs ,  pl . 1) containing relatively few sand and gravel beds ,  
occurs at the surface . This till i s  everywhere at least 40 feet thick, except 
in parts of the westernmost 4 or 5 miles of the area, where it thins rapidly and 
pinche s out . Older tills , plus sands , gravels , and silts ,  lie below the sur­
ficial till . Thus the entire glacial sequence in  Area II is  at least 100 feet thick 
arid usually averages  more than 150 feet . 
Area II comprises most of the uplands of Lake County and has fairly 
rough, morainic topography . Many closed or nearly closed depressions occur 
on the moraine surfaces and , as drainage is poorly integrated , these low areas 
contain lake s or swamps . 
G E O L O G Y F O R  PLAN N I N G  I N  LAK E C O U N T Y  2 7  
The top of the zone of saturation i s  usually within 10 feet of ground 
surface and may be at ground' surface in the numerous depres sions . The probable 
direction of ground-water movement i s  predominantly downward through the 
till , but there is also a horizontal component of ground-water flow toward de­
pres sions and streams in the area . 
Solid Waste-In most of Area II , there is not much danger of polluting ground­
water resources by the <ilisposal of solid waste s ,  although pollution of surface 
water is pos sible . Most of the dissolved substances migrating into the sub­
surface would move downward through the till and be attenuated to low levels 
within short distance s .  
Borings penetrating below the base of a potential landfill site should 
be included in a preliminary exploration program to determine the pos sible 
presence of beds of sand ,  particularly in the western part of the area,  where 
the upper till is relatively thin and is underlain by a thick sand and gravel 
aquifer. Here the base of a landfill might penetrate the underlying aquifer.  
This condition would necessitate modifications of the site to prevent leachate 
from spreading through the aquifer . 
Two problems that may be encountered in Area II are the flooding of refuse 
by surface waters and the formation of leachate springs at the periphery of 
landfills .  
Septic Tank Systems-Septic tank systems in Area II might not function efficiently, 
because the till has low permeability and static-water levels may be near the 
ground surface . Septic tank systems are not likely to pollute the ground water, 
but they may pollute surface water in areas where housing density is high around 
lake s .  
Effect of Waste Di sposal on Aquifers -Aquifers buried beneath the surficial 
till supply small quantities of water to wells in the eastern three-quarters of 
Area II . Because the upper till is relatively thick and impermeable , it would 
probably prevent the downward migration of dis solved solids into the underlying 
aquifers unless interconnecting sand bodie s are present . 
In the western part of Area II, where the till is thin and overlies a thick, 
extensive sand and gravel aquifer, dis solved substances from landfills could 
reach the aquifer if the landfill is  not properly engineered . 
Area III 
Hydrogeology-In three small tracts sho wn in we stern Lake County, there are 
up to 2 0  feet of fairly permeable, poorly sorted silt, fine sand , and gravel de ­
posits (g and hw, pl. 1) that generally surround depres sions containing central 
lakes or swamps .  These deposits overlie the thick section of relatively im­
permeable till of Area II . Many of the depressions have no surface outlets ,  
while others are only partially or poorly drained by small streams .  Some tracts 
of similar character are too small to be sho wn  on figure 3 but are discernible 
on plate 1. 
In Area III , the top of the zone of saturation is within 5 to 10 feet of 
ground surface and is at the surface in the lakes and swamps .  Most of the 
ground water move s laterally through the relatively permeable surficial materials 
toward s the depres sions , but some moves downward through the underlying till . 
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Solid Waste s -Dissolved substances from waste-disposal facilities could move 
with the ground water through the relatively permeable surficial materials into 
the lakes or swamps .  Hydrogeologic conditions are such that caution i s  neces ­
sary in planning waste-disposal activities . 
Septic Tank Systems -Septic tank effluent would travel laterally toward the lake 
basins through the relatively permeable surficial materials .  The density of septic 
tank systems around the lakes is already high, and the construction of additional 
septic tank fields in these areas should be evaluated with particular care , be ­
cause increasing amounts of effluent entering the lakes will cause further de ­
terioration of the quality of the water . 
Effect of Waste Di sposal on Aquifers -Few, if any, of the permeable surficial 
materials are thick enough to yield water to wells . The till overlying the bu ried 
aquifers is thick enough that it should prevent migrating leachate or effluent 
from reaching the aquifers ,  unless sand stringers in the till facilitate the verti ­
cal movement of leachate do wnward , 
Area IV 
Hydrogeology -In Area IV, the Chain O' Lakes region , poorly sorted gravels and 
sands up to 150 feet thick occur beneath the surface (hb and h ww, pl . 1) . The 
local relief in this area is quite high , as the sand and gravel deposits are kame s ,  
which form hills , mounds ,  and ridge s ,  Interspersed throughout the hills are 
numerous basins containing large and small lakes that drain into the Fox River . 
Ground-water levels are at or near the surface in the lowlands surrounding 
the lake basins , and , under natural conditions ,  both ground and surface waters 
move into the nearest lake and are then discharged by either a natural or an 
artificial waterway into the Fox River . In the uplands ,  because of the permeabil ­
ity of the materials ,  the top of the zone of saturation may be a s  much a s  5 0  feet 
below the surface . Most of the precipitation in the upland s moves downward 
to recharge underlying aquifers . 
Solid Waste s -In the lowlands around the lake basins , dissolved substances 
from landfill operations would migrate laterally through the permeable materials 
toward the lake s ,  where they would be diluted and then discharged into the Fox 
River system . 
In the upland areas it i s  not likely that there would be sufficient attenu­
ation of dissolved substances moving downward from landfills before they would 
reach the underlying aquifers . Therefore , if a landfill is to be located in an 
upland area, some engineering technique s may be neces sary to contain the 
leachate or to reduce its dis solved content to acceptable levels before it leaves 
the disposal site . 
Septic Tank Systems -In the lowland areas , large numbers of closely spaced 
septic tank systems are already in operation, servicing the cottages surrounding 
the lakes . Because of the high permeability of the earth materials here , the 
high water table s ,  and the directions of ground-water flow, continued con­
struction of septic tank system s here poses a pollution ha zard to the lake s .  
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In the uplands,  which are underlain by permeable materials ,  the con ­
struction of large numbers of clos ely spaced septic tank systems poses a pol­
lution hazard to the underlying aquifers . 
E ffect of Waste Disposal on Aquifers -The potential to pollute ground water 
through waste-disposal activities is greater in Area IV than in any other in Lake 
County. The thick , permeable surficial sand and gravel i s  a large ground-water 
reservoir that supplie s many wells ,  not only in Area IV but also in other areas 
of Lake County . This sand and gravel is hydrologically connected to a deeper, 
extensive drift aquifer.  Waste disposal activities in Area IV should therefore 
be planned with care . 
SUITABILITY FOR GENERAL CONSTRUCTION 
The term " general construction, "  as used here, refers primarily to con­
struction of small buildings and homes and to the building of roads and streets 
of county, township, and village size . The conditions de scribed in table 1 
and plate 4 are the regional engineering characteristics of the surficial geologic 
materials , and , therefore , should be used only for generalized . guidelines .  
(Definitions of the engineering characteristics are given in the appendix . )  For 
all major construction projects , geological and engineering advice should be 
used in evaluating the engineering properties of the materials at a specific 
construction site . 
The maj or construction problem encountered in northeastern Illinois is  
almost always inadequate drainage , inasmuch as natural drainage in the area 
is characteristically poor . Both the permeability of the surficial materials and 
depth to the water table must be determined in all construction proj ects so that 
proper drainage can be arranged • 
In general , coarse-grained , well-drained , compacted materials have 
the most favorable engineering characteristics ,  whereas very fine grained , poorly 
drained materials have the least favorable characteristics . Other characteristics 
that may need consideration in planning construction include the bearing strength, 
plasticity, frost-heaving potential , and shrink-swell potential of materials .  The 
angle of slope , flood potential , depth to water table , and availability of ag­
gregate and borrow material must also be considered . 
Minor construction problems are encountered at many places in Lake 
County . The more favorable areas for construction, however, are those that 
are underlain by the coarse materials (sand s  and gravels and silty tills) (table 1, 
pl . 1 ,  pl . 4) . The se materials are fairly well drained and have fair to good 
bearing strength and relatively low water tables . Les s  favorable areas are under­
lain by the medium-textured materials (silty outwashes and silty clay tills) . 
These materials tend to be highly plastic , are subj ect to frost heaving , have 
only fair bearing strength, and have high water table s .  The least favorable 
areas for construction, color-coded red in plate 4 ,  include the Lake Michigan 
shoreline , and the peat and muck and alluvial area s ,  in which the materials are 
highly compres sible and unstable and have high water table s .  
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Lake Michigan Shore Erosion 
Although the Lake Michigan shore is one of the more scenic tracts in 
Lake County, it is subject to storm waves and severe erosion that periodically 
cause damage along the lake front . At time s ,  installations along the shore 
are de stroyed or so threatened that their continued use or occupancy may be 
dangerous .  For this rea son, parts of the shore should be considered a s  geo ­
logically hazardous zone s ,  where recurring de structive conditions can be 
expected . 
Damage along the shore is most severe during prolonged periods of high 
lake levels , which occur during and a fter extended periods of above-normal 
precipitation . The relationship between lake levels and precipitation is well 
documented by the records for each of the Great Lakes ,  kept since 186 0  by 
the United State s Army Corps of Engineers . These records show that the level 
of Lake Michigan has fluctuated within a range of about 6 1/2 feet during this 
time , in response to prolonged periods of above-normal or below-normal pre ­
cipitation, and has been rising from a low stage in 1964 to reach in 19 7 3  the 
mode m high level reached in 195 2  (fig . 8) . During the present high-water stage 
much shoreland has been eroded away and many buildings , road s ,  retaining 
walls ,  and other structures have been attacked by the waves ,  overtopped , 
undermined , or destroyed (fig . 9) . 
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Fig . 8 - Hydrograph of monthly mean level of Lake Michigan-Huron since 1 94 7 ,  
measured a t  Harbor Beach, Michigan (after U . S .  Dept. o f  Commerce, 
Lake Survey Center-NOAA). 
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During periods of  average or below-average lake level, wide beaches 
protect the shoreline because they dissipate the energy of storm wave s ,  which 
on Lake Michigan can attain a height of 20 feet. However, with a rising lake 
level the beaches are narrowed and storm waves can exert more energy against 
the land . For example , a rise of only 1 foot in lake level may submerge some 
30 feet of beach . The number of feet submerged depends on the steepnes s  of 
the beach slope • .  A gently sloping 10 0 -foot beach may be inundated with a rise 
in lake level of a little more than 3 feet . 
North of Waukegan, the shore is a low sandy plain that is subject to 
severe erosion during periods of high lake level . At Illinois Beach State Park, 
140 feet of beach was cut away between August 19 72  and April 19 73 . South of 
Waukegan to the county line , the beach is narrow and is bordered by a 5 0 - to 
100 -foot, nearly vertical bluff cut in glacial till . Here , during high lake level , 
storm waves attack the unprotected base of the bluff, wetting and removing large 
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Fig, 9 - Erosion of sandy shore, with damage to pavement and residences, Zion, 
Illinois, November 1972 (photographs by Waukegan News-Sun). 
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mas ses of the unconsolidated till . Undercutting of the bluff in this manner 
causes land slides of both large and small dimensions because the undercut, 
upper portions of the bluffs slide into the lake , carrying with them trees and 
any structure s that are situated too close to the bluff' s outer edge . 
Some materials incorporated in the bluffs such as the lense s of sand and 
gravel that are scattered randomly throughout the bulk of the silty clay till are 
more easily eroded by wave s than others . Where exposed at the base of the 
bluffs , the sandy deposits are removed relatively quickly by wave action . The 
silty till exposed at the base of the bluffs in several places (pl . 1) is also 
more easily eroded than the silty clay till . 
The damage to the shoreline by storms has been observed and documented 
ever since the first white settlers arrived . Atwood and Goldthwait (19 0 8) re­
port that a portion of the bluff at Wilmette in Cook County receded 3 0 0  feet 
between 185 7  and 190 8 . They also give an account of erosion at the Village 
of St . Johns , y;hich was established at the edge of the lake in 1845 , in an 
area that is now part of Fort Sheridan . Although opinions vary as to how much 
of the village fell into the lake (some reports say as much as 3 0 0  to 400  feet) , 
it is  known that at least 10 0 feet of land was cut away and the village had to be 
abandoned . 
Many types of protective structures have been erected along shorelines 
to dissipate or absorb the energy of storm waves but none is as effective as 
naturally wide , gently sloping beaches . Unfortunately,  during period s  when 
the water level of Lake Michigan is low and there are wide beaches property 
owners build structure s on the beache s .  When the lake level rises and the 
beaches are reclaimed by the lake , development that has encroached on the 
beach is  subject to storm damage . Beaches are analogous to the floodplains of 
rivers and are best left undeveloped . 
Adjacent to the bluff areas south of Waukegan there has been little con­
struction on the beach itself, but some residence s and facilities have been 
built close to the edge of the bluff. When the beaches are submerged and no 
longer protect the base of the bluff from storm waves , however, undercutting 
takes place and the bluff recedes .  Therefore , just as the beaches north of 
Waukegan should be left undeveloped , so should the edge of the bluff south of 
Waukegan be left undeveloped , inasmuch as this land may also be cut away 
by the lake . 
A number of devices for protecting the shore are at present in use along 
Lake Michigan . All offer benefits but also have limitations . Bulkhead s ,  revet­
ments,  and sea walls are de signed to armor the shore against the wave s .  They 
are constructed of concrete or stone , and steel,  and usually provide protection 
to shore areas immediately behind them; however, they offer no protection to 
the adjacent shore , where erosion will continue and may eventually expose the 
flanks of the protected area . Furthermore, such structure s detract .from the 
attractivene s s  of the natural shoreline , inhibit the use of the beach for recrea­
tional purposes , and offer no protection to the beach itself, which is perhaps 
the greatest asset of shorefront property . 
Offshore breakwaters prevent large storm waves from reaching the shore 
and therefore they serve the important function of protecting the beach without 
limiting its recreational use . Breakwaters also create relatively quiet water 
that is safe for boating , They have the disadvantage , however, of being ex­
tremely expensive to construct , and they protect only that portion of the shore 
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in front o f  them and may cause downdrift erosion . The maj or breakwater systems 
in Lake County have been constructed to protect Waukegan Harbor and the 
Great Lake s Naval Training Center harbor . 
Groins have commonly been used in Lake County south of Waukegan, 
where several dozen of them have been erected . A groin is  a wall extending 
roughly perpendicular from the shore into the water (fig . 1 0) ;  groins are built 
for the purpose of trapping and accumulating sand moving with the longshore 
current and thereby widening the beach . Groins are mo st succe ssful 
along those shores where there is a large natural supply of sand . Along some 
stretches of the Lake County shore , however, there are only limited quantities 
of sand in the longshore current; therefore groins have been only moderately 
succe s sful . Furthermore , groins deprive downdrift beaches of sand . 
Various plans to combat the erosion problem by artificially lowering water 
levels in the Great Lakes have been proposed . However, severe shore damage . 
accompanies lake-level rises of the order of a few feet , wherea s artificial 
process-e s  are capable of lowering water level s only a matter of inches and 
might require several years . 
In summary, lake-shore damage occurs as a result of natural processes 
that are difficult to control by human effort . Most of the control measure s so 
far devised are somewhat inadequate and are very expensive . Perhaps the most 
feasible way to prevent extensive loss of property during high lake stage s is to 
pre serve an adequately wide buffer zone between the lake and man' s zone of 
habitation, based on consideration of the lake' s  long-term fluctuations . 
Fig. 10 - Portion of Lake Michigan s hore at Fort Sheridan, Lake Forest, s howing 
groins extending into lake. Groins were constructed to trap sand being 
m oved from right to left, southward, by the shore current. 
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A P P E N D I X 
DEFINITIONS OF ENGINEERING CHARACTERISTICS 
Engineering term s used in the text are explained below in three categor­
ies : hydrologic conditions ,  classification of propertie s ,  and slope . 
A .  Hydrologic conditions 
1 .  Flooding 
a .  Seldom to never (frequency les s  than once in 25 years) 
b .  Occasional (frequency once in one t o  2 5  years) 
c .  Seasonal (frequency one or more times per year) 
2 .  Water table (static water level) 
a .  High water table (within 1 0  feet of land surface more than 
6 months of the year) 
b .  Low water table (below a depth of 1 0  feet more than 6 months 
of the year) 
3 .  Natural water content 
a .  Low (les s  than 10 percent of the dry weight of the sample) 
b .  Medium (10 percent to 2 5  percent of the dry weight of the sample) 
c .  High (greater than 2 5  percent of the dry weight of the sample) 
Well-drained coarse materials tend to have a low water content; com­
pact, dense , well-graded materials tend to have a low to medium water content ; 
poorly drained, fine-grained materials tend to have a high water content ; some 
clay mineral s and materials with a high percentage of organic matter tend to have 
a high water content . 
B .  Cla s sification of propertie s  
Cla s sifications o f  the materials in the map units are determined in 
part from their cla s sifications in the Unified Soil Cla s sification System . This 
system i s  a soil-identification system ba sed on a material' s grain size , dis­
tribution, and plasticity characteristics .  More information about this system is 
found in the publication " The Unified Soil Cla s sification System , "  Military 
Standard 6 1 9 ,  U . S .  Army Corps of Engineers , 1 9 6 0 . See also table A on 
pages 38 and 3 9  (Portland Cement As sociation, 1 9 62) . 
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TABLE A .  UNIFIED SOIL CLASSIFICATION SYSTEMt 
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Laboratory classification criteria 
Or.o (030J2 c. = - greater than 4; C, = between 1 and 3 010  010 X 060 
Not meeting all  gradation requirements for GW 
Atterburg limits below "A" 
line or P.I. less than 4 
Atterburg limits above "A" 
line with P.I. greater than 7 
Above "A" line with P.I. be­
tween 4 and 7 are border­
line cases requiring use of 
dual symbols 
Or.n (030J2 C,. = - g reater than 6; C, = between 1 and 3 010 010 x 060 
Not meeting all gradation requirements for SW 
Atterburg limits below "A" 
line or P.I. less than 4 
Atterburg limits above "A" 
line with P.I. greater than 7 
Limits plotting in hatched 
zone with P.I. between 4 and 
7 are borderline cases re­
quiring use of dual symbols. 
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Inorg a nic silts ond very fine sands, 
ML rock flour, silty or clayey fine sends, 
or clayey silts with slight plasticity 60 
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For example: GW-GC, well-graded gravel-sand mixture with clay binder. 
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Reprinted w i t h  permission o f  t h e  Portland Cement Association, Skokie, Illinois. 
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1 .  The approximate strengths of materials are grouped as follows : 
Estimation chart f'or engineers 
Blow count f'or 
12-inch pene-
tration ( 140 lb . 
Unconfined compression hammer , drop of' 
Strength Field test standard ( tons/square foot ) 30 inches ) 
Very sof't Easily penetrated several < 0 . 25 < 2  
inches by f'ist 
Soft Easily penetrated several 0 . 25-0 . 5  2-4 
inches by thumb 
Medium Can be penetrated several 0 . 5-1 . 0  4-8 
inches by thumb with 
moderate ef'f'ort 
Stiff' Readily indented by thumb 1 . 0-2 . 0  8-15 
but penetrated only 
with great effort 
Very stiff Readily indented by 2 . 0-4 . o  15-30 
thumbnail 
Hard Indented with difficulty > 4 . o  > 30 
by thumbnail 
2 .  Sensitivity is the relationship of the natural strength of the material 
to the remolded strength . The les s sensitive a material is the more stable the 
material tends to be under changed conditions .  A vibration or shock wave could 
cause a rigid " quick" material to liquefy and flow . The sensitivity terms com­
















Sands ; gravels , no clay 
Glacial deposits and other 
mixed soils 
Principally clay deposits 
Principally clay deposits 
Peculiar clays capable of 
temporarily transforming 
into viscous liquids 
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3 .  Permeability is the relative ease with which a material is  capable of 
transmitting water . The engineer and hydrologist express permeability as a 
velocity or volume of flow a s  follows : 
Unit 
Unit (gallons/day/ 
Permeability ( cm/sec ) square foot ) Materials 
> 102 1 . 0  > 10 5 - lo" Clean gravels 
Good 1 . 0  - 10-2 lo" - 102 Clean sands 
10-2 - 10
- 3 102 - 10 Clean sand and gravel 
mixtures 
Poor 10- 3 - 10
-6 10 - 10-2 Very fine sands ; organic 
and inorganic silts ; 
mixture of sand , silt , 
and clay ; glacial till ; 
stratified clay deposits 
Practically 10- 6 - 10-8 10- 2- 10-.. Homogeneous clays 
impermeable 
Impermeable < 10-8 < 10-.. Dense rock 
4 .  Frost susceptibility refers to the tendency of the materials under 
specific water and temperature conditions to heave or swell from the formation 
of ice . Materials that are highly susceptible may cause retaining walls to fail , 
pavements to crack, or other construction problems of this type to occur. The 




Negligible to low 











Gravelly soil with 10 to 20 percent clay ; 
sand with 3 to 15 percent clay 
Gravelly soil with more than 20 percent clay ; 
sand with more than 15 percent clay ; some 
clay soil 
All silts ; very fine silty sand with 15 
percent clay ; various clays 
Addit ional reference :  L inel l ,  K. A . , F .  B. Hennion, and E .  F .  Lobac z ,  1963 ,  C orps of Engineers 
pavement design in areas of s eas onal fros t ,  1:!! Pavement design in frost 
areas : Design Cons iderations , Highway Research Board , Highway Research 
Record , no . 33 , p. 76-13 6 ,  
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5 .  Compre ssibility is the tendency of a material to consolidate or decrease 
in volume , and allow a structure built on it to settle under a specific increased 
load . The engineer is first interested in the amount of settlement . If the expected 
amount of settlement is greater than the structure will bear, the time required for 
consolidation to take place becomes an important factor . A site may be loaded 
prior to construction to allow for expected settlement . As consolidation progresses, 
the bearing strength of the material increases until a relatively stable condition 
exists . The time necessary to consolidate is related to the compre s sibility of 
the material, the permeability of the material , and the drainage . The compre ssi­




Reaction to loading 
Greatest expected s ettlement 
measured in fractions of an 
inch 
Greatest expected settlement 
measured in inches 
Materials 
Coarse gravels , sands , 
glacial tills 
Fine silts , clays , or­
ganic silts and clays 
6 .  Erosion is the removal of a material by wind or water . For this report 
the erodability of materials wa s cla ssified as follows : 
Erodabili ty 
High erosion factor 
Low erosion factor 
Materials 
Unprotected silts , sands , and loosely consolidated 
materials 
Cohesive materials , specifically those including 
more than 20 percent clay ;  cemented materials ; 
and rock 
7 .  Excavatability of a material is related to the type of equipment re­
quired to handle it in construction . The general categorie s used to cla ssify this 




Blasting or rock cut­
ting excavation 
Equipment or process required 
Scraper tractor , backhoe , earth mover , drag line 
Ripping tooth on scraper blade 
Drilling and blasting ; rock cutting excavators 
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C .  Slope 
Slope , a s  used in Table 1 ,  i s  a descriptive term denoting the vertical 
rise per 100  feet of horizontal distance predominating within each unit . The se 











Rise in ft . /100 ft . ,  
or % grade 
No slope 
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